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Tech. Info. Dioision, Ext. 6782 detection by electron microscopy is not trivial. He assess the merits of high resolution dark field and lattice imaging for this application.
In general, dark field imaging is more convenient for the detection of the glassy phases than lattice imaging because it is much less sensitive to the boundary orientation and microscope defocus, and because it enables many boundaries to be examined in a few micrographs, and the boundary thickness to be determined with good accuracy. l~e also present evidence for a strong inelastically--elastically doubly scattered image contribution in silicon nitride, and show how this contribution can be utilized to s~pplement the high resolution information when imaged axially at around 3000A underfocus. Conventional bright field electron microscopy does not have sufficient resolution to detect the very thin phases( 4 ). Lattice imaging can detect the thin boundary phase(S, 6 ), and the phase can also be detected by high resolution dark field imaging(?,B), Lattice images can however misleadingly conceal an existing boundary phase when the boundary is not viewed exactly edge-on(g), or when the boundary is curved in the direction of the beam. High resolution dark field imaging would therefore be preferable if it could be used to give precise 'values of the boundary thickness which the correct lattice images yield very directly. In this paper we present a convenient method for determining the film thickness by comparing the intensity in the dark field image of the thin boundary film with that of a nearby pocket of the glassy material, compare the sensitivity of the dark field and lattice techniques to defocus and boundary tilt, and discuss some interesting features that appear in axial lattice images and are due to inelastically-elastically doubly scattered electrons.
II. EXPERH·1ENTAL
Several silicon nitrides prepared by sintering and hot-pressing with various additives were used for the present experiments. The details of their overall microstructure and chemical composition will be described elsevJhere(lO). Thin foils prepared by the usual ion-beam milling technique were examined at 125 kV in a Siemens 102 electron microscope equipped with a double-tilting specimen stage.
The two imaging techniques employed, lattice imaging and high resolution dark field imaging, are shown schematically in Fig. 1 . It can be seen that with the correct diffraction geometry set up and no Bragg beams contributing through the objective aperture, the dark field image will simply give a bright line where the amorphous phase is, and defocus and tilting will only broaden the line, but not affect its total intensity.
The bright field image, on the other hand, must be taken under exactly controlled conditions since either defocus change or specimen tilting could make the two sets of fringes extend into the gap and thus obscure the amorphous phase.
The sensitivity of lattice imaging to boundary tilt has been documented by Lou, ~-1itchell and Heuer (9) . The sensitivity to defocus is demonstrated in Fig. 2 . Here a dark field image ( In contrast, high resolution dark field imaging of the grain boundary phases is relatively insensitive to specimen tilt and microscope defocus. It also enables one to study much larger specimen areas in just one image since the magnification of the recorded micrograph need not be as high as for lattice imaging.· By.measuring the intensity in the boundary image the thickness of the boundary phas~ can be determined quite accurately even \AJhen the boundary is not edge-or. and the microscope defocus is in error. The technique therefore appears to be ideally suited for this highly specialized application. 
